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OBJECTIVE — In the general population, a low ankle-brachial index (ABI) (<0.9) is strongly 
associated with (cardiovascular) mortality. However, the association between the ABI and mor- 
tality may be weaker in individuals with diabetes, as ankle pressures may be elevated by medial 
arterial calcification and arterial stiffening, which occur more frequently in diabetes. Therefore, 
the aim of this study was to compare the association between ABI and mortality in individuals 
without and with diabetes. 

RESEARCH DESIGN AND METHODS— We studied the associations between ABI and 
cardiovascular and all-cause mortality in 624 individuals from the Hoorn study, a population- 
based cohort of 50- to 75-year-old individuals (155 with diabetes and 469 without) followed for a 
median period of 17.2 years. Data were analyzed using Cox proportional hazards models. 

RESULTS— During the follow-up period, 289 of 624 (46.3%) participants died (97 of 155 with 
and 192 of 469 without diabetes and 52 of 65 with and 237 of 559 without ABI <0.9): 85 
(29.4%) of CVD (30 of 155 with and 55 of 469 without diabetes and 20 of 65 with and 65 of 559 
without ABI < 0 . 9) . A low ABI was strongly associated with cardiovascular mortality (relative risk 
2.57 [95% CI 1.50-4.40]) and all-cause mortality (2.02 [1.47-2.76]), after adjustment for 
Framingham risk factors. The associations of the ABI with mortality did not differ between in- 
dividuals without and with diabetes for cardiovascular (Pi nteract ion = 0.45) or all-cause (Pinteraction = 
0.63) mortality. 

CONCLUSIONS — In the Hoorn Study, associations between ABI and cardiovascular and all- 
cause mortality were similar in individuals without and with diabetes. Future studies should 
investigate, in both individuals without and with diabetes, whether measurement of ABI can be 
used to guide treatment decisions. 



I dentifying individuals with a high risk 
I of cardiovascular morbidity and mortal- 
I ity remains challenging, as many high- 
risk individuals are asymptomatic (1). The 
ankle-brachial blood pressure index (ABI) 
is a marker for systemic atherosclerosis, is 
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strongly associated with mortality (2), and 
may thus improve identification of high- 
risk individuals. However, the validity of 
the ABI may be decreased in diabetes, 
as ankle pressures may be elevated by medial 
arterial calcification and arterial stiffening, 



which occur more frequently in diabetes 
(3). In diabetes, the ABI may thus fall 
within the normal range (SO. 9 to ^1.4) 
when both atherosclerosis and arterial 
stiffening and calcifications of the lower 
limbs occur within the same individual. 
Therefore, the aim of this study was to 
investigate whether the associations be- 
tween the ABI and cardiovascular and 
all-cause mortality are similar or, in fact, 
weaker in individuals with diabetes than 
in individuals without diabetes. We in- 
vestigated the ABI at several cutoff points 
(ABI <0.9, < 1.0, and < 1 . 1) and as a con- 
tinuous variable because development of 
atherosclerosis in the lower limbs is a con- 
tinuous process (4). In addition, we in- 
vestigated whether alternatives for the 
ABI, such as the toe-brachial index (TBI) 
and Doppler flow curves of the lower ex- 
tremities, were more strongly associated 
with mortality than the ABI in individuals 
with diabetes, as these techniques may be 
less affected by arterial calcifications and 
stiffening than the ABI. 

RESEARCH DESIGN AND 
METHODS— We used data from the 
Hoorn Study, a population-based cohort 
study on glucose metabolism and other 
cardiovascular risk factors in a general 
Caucasian population, which has previ- 
ously been described in detail (5). The 
Hoorn Study was approved by the ethics 
review committee of VU University Med- 
ical Centre. Informed consent was ob- 
tained from all participants, and all 
study participants gave written informed 
consent to be included. In brief, men and 
women aged 50-75 years were randomly 
selected from the population register of 
the town of Hoorn, the Netherlands; 
2,484 subjects participated (response 
rate 71%). Baseline examinations were 
conducted from October 1989 until 
February 1992. All subjects had a 75-g 
oral glucose tolerance test, except those 
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in whom type 2 diabetes had previously 
been diagnosed. An extensive metabolic and 
cardiovascular investigation was performed 
in an age-, sex-, and glucose tolerance- 
stratified, random subsample of 631 
participants (89% of those invited), 
which was used in the current study (5). 
Participants without data on the ABI or 
Framingham risk factors were excluded 
(n = 7). The current study, therefore, con- 
sisted of 624 individuals: 371 with normal 
glucose metabolism, 98 with impaired glu- 
cose metabolism (including those with 
impaired fasting glucose and/or impaired 
glucose tolerance), and 155 with type 2 
diabetes (6). 

Baseline measurements 

Main determinants. The ABI was mea- 
sured at baseline as previously described 
in detail (5). In short, Doppler-assisted 
systolic blood pressure (SBP) measure- 
ments were taken from the brachial and 
posterior tibial arteries on both sides us- 
ing 12 -cm cuffs (Medasonics Vasculab, 
Mountainview, CA). Recording started 
after a 15-min resting period in a supine 
position (room temperature 23°C). 
Whenever the ABI over the posterior tib- 
ial artery was <0.9 or the Doppler flow 
signal was not audible, the ankle pressure 
was also measured over the dorsalis pedis 
artery or the peroneal artery. The ABI was 
calculated for each leg using the highest 
ankle pressure divided by the highest sys- 
tolic brachial pressure. An ABI of < 0.9 in 
either leg was considered indicative of 
systemic atherosclerosis. In additional 
analyses, the associations between the 
ABI and mortality were reanalyzed with 
higher cutoff points (<1.1 and <1.0) 
and with the ABI as a continuous variable. 

In diabetic individuals, the ABI may 
increase because of arterial stiffening and 
calcification of large vessels. Thus, in 
diabetic individuals methods alternative 
to the ABI, which may be less affected by 
these phenomena, may be more strongly 
associated with mortality than the ABI. 
Therefore, we measured toe pressures to 
calculate a TBI, which may give a more 
valid impression of flow impairment in 
diabetes, as smaller vessels are thought to 
be less affected by arterial calcifications 
than larger vessels. The TBI was calculated 
for each leg by dividing the toe pressure by 
the highest brachial pressure. For the TBI, a 
ratio of <0.7 is considered abnormal (7). In 
addition, we measured Doppler flow curves 
of the lower arteries, as even in calcified 
vessels atherosclerosis may yield abnormal 
flow patterns. With the use of a 5- or 



8-mHz bidirectional continuous wave 
Doppler connected to a frequency analyzer, 
Doppler flow curves were determined at 
the left and right leg, at the level of the 
aorta-iliac, femoral-popliteal, dorsalis 
pedis, peroneal, and tibial arteries (5). 
Triphasic or biphasic curves were consid- 
ered normal, whereas a monophasic curve 
or the absence of a curve in one or more 
of the arterial tracts was considered 
abnormal. 

Covariates. Urinary albumin concentra- 
tion was measured in a first -voided sample 
by rate nephelometry (Array Protein 
System; Beckman Coulter, Galway, Ireland) 
with a detection threshold of 6.2 mg/L 
(intra- and interassay coefficients of 
variation 5 and 8%, respectively). Urinary 
creatinine was measured with a modified 
Jaffe method. Microalbuminuria was pres- 
ent if the albumin-to-creatinine ratio was 
in the range of 2.0-30 mg/mmol. Macro- 
albuminuria was present if the albumin- 
to-creatinine ratio was >30 mg/mmol. 
BMI; waist and hip circumference; SBP 
and diastolic (DBP) blood pressure; levels 
of fasting plasma glucose; HbA lc ; insulin; 
total, HDL, and LDL cholesterol; triglycer- 
ides and plasma creatinine; and smoking 
status were measured as previously de- 
scribed (5). Estimated glomerular filtra- 
tion rate (eGFR) was determined by the 
short Modification of Diet in Renal Disease 
equation (8). Hypertension was defined as 
an SBP >140 mmHg and/or a DBP >90 
mmHg and/or the use of antihypertensive 
drugs. Prior cardiovascular disease (CVD) 
was defined when individuals had any 
of the following: a history of myocardial 
infarction, stroke or transient ischemic 
attack, abnormalities on a resting electrocar- 
diogram (Minnesota codes 1 . 1-1.3, 4.1-4.3, 
5.1-5.3, or 7.1), intermittent claudication, 
nontraumatic amputation, previous cor- 
onary bypass surgery, or angioplasty. 

Follow-up 

Data on the participants' vital status up 
to 1 January 2009 were collected from 
the mortality register of the municipality 
of Hoorn. Information on cause of death 
was extracted from the medical records of 
the general practitioners and the local 
hospital and coded according to the 
ICD-9. Cardiovascular mortality, includ- 
ing sudden death, was defined by ICD-9 
codes 390-459 and 798. Information on 
cause of death could not be obtained for 
32 of the deceased individuals. All sub- 
jects were followed until death or end of 
follow-up, at which time they were cen- 
sored. 



Statistical analyses 

Baseline characteristics between survivors 
and nonsurvivors were compared with the 
use of Student t or x 2 tests. Logistic regres- 
sion models were used to investigate the 
associations between cardiovascular risk 
factors and having an abnormal ABI, TBI, 
or Doppler flow curve. Cox proportional 
hazards regression models were used to 
calculate the crude and adjusted relative 
risks (RRs) and respective 95% CIs of car- 
diovascular and all-cause mortality associ- 
ated with having, respectively, an abnormal 
ABI, TBI, or Doppler flow curve. 

To investigate whether the associations 
between ABI, TBI, and Doppler flow curves 
and mortality were different between indi- 
viduals without and with diabetes, interac- 
tion terms (presence of diabetes X presence 
of an abnormal ABI, TBI, or Doppler flow 
curve, respectively) were used. In addi- 
tion, analyses stratified for the presence 
of diabetes were performed. When dummy 
variables for impaired glucose metabolism 
and diabetes were added to the model, the 
RRs for all-cause and cardiovascular mor- 
tality of individuals with impaired glucose 
tolerance did not differ significantly from 
individuals with normal glucose tolerance. 
Therefore, individuals with impaired glu- 
cose metabolism were combined with indi- 
viduals with normal glucose metabolism 
and compared with individuals with diabe- 
tes. To prevent overadjustment for periph- 
eral arterial disease (PAD), self-reported 
PAD (n = 1) and nontraumatic amputation 
(n = 2) were excluded from the definition of 
prior CVD when the associations between 
ABI, TBI, and Doppler flow curves and 
mortality were adjusted for prior CVD. 

For all analyses, a two-sided P value of 
<0.05 was considered statistically signifi- 
cant, except for the interaction terms, for 
which a two-sided P value of <0.10 was 
considered statically significant. All analyses 
were performed with SPSS (version 17.0). 

RESULTS— Median duration of follow- 
up was 17.2 years (range 0.5-19.2). During 
the follow-up period, 289 of 624 (46.3%) 
participants died (97 of 155 with and 192 
of 469 without diabetes and 52 of 65 with 
and 237 of 559 without ABI <0.9): 85 
(29.4%) of CVD (30 of 155 with and 55 
of 469 without diabetes and 20 of 65 with 
and 65 of 559 without ABI <0.9). At base- 
line, individuals who died, compared with 
those who survived, more often had an 
ABI of <0.9, a TBI of <0.7, and abnormal 
Doppler flow curves. In addition, male sex, 
type 2 diabetes, hypertension, lower eGFR, 
(micro)albuminuria, lower HDL cholesterol, 
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and prior CVD occurred more frequently, 
and age, waist circumference, and HbA lc 
were higher in the nonsurvivors compared 
with the survivors (Table 1). Smoking, 
higher age, higher SBP, lower HDL choles- 
terol, and prior CVD were independently 
associated with the ABI (data not shown). 
An ABI of <0.9 occurred more often in 
individuals with diabetes (14.8%) than 
in nondiabetic individuals (9.0%). In this 
cohort, an ABI of > 1 .4 did not occur. 

ABI and cardiovascular and 
all-cause mortality 

A low ABI (<0.9) was strongly associated 
with cardiovascular mortality (RR 2.57 
[95% CI 1 .50-4.40]) and all-cause mortality 
(2.02 [1.47-2.76]), independently of the 



Framingham risk factors (Table 2, model 
2). Additional adjustment for (micro)albu- 
minuria, eGFR, triglycerides, and prior 
CVD attenuated the association with car- 
diovascular mortality (1.83 [1.01-3.34]) 
and somewhat with all-cause mortality 
(1.79 [1.27-2.52]) (Table 2, model 3). 
The associations of the ABI (<0.9) with 
mortality did not differ between individu- 
als without and with diabetes for cardiovas- 
cular (Pinteraction = 0.45) Or all-CaUSe 

(^interaction = 0.63) mortality. When <1.1 
was selected as a cutoff point for the ABI, 
the associations of the ABI with cardiovas- 
cular mortality (Pinteraction = 0.04) and all- 
cause mortality (Pinteraction = 0.14) were 
weaker in individuals with diabetes than 
in individuals without diabetes (Table 3). 



This was not the case when <1.0 was 
selected as a cutoff point for the ABI 
(both Pinteraction — 0.43) or when the 
ABI was analyzed as a continuous variable 
(both Ptateraction ^ 0.54) (Table 3). 

Alternative methods to the ABI 
and their associations with 
cardiovascular and all-cause 
mortality 

A low TBI was positively associated with 
cardiovascular mortality (RR 1.30 [95% 
CI 0.77-2.20]) and with all-cause mortality 
(1.16 [0.86-1.56]). Abnormal Doppler 
flow curves were also positively associated 
with cardiovascular mortality (1.27 [0.74— 
2.18]) and with all-cause mortality (1.37 
[1.02-1.84]). However, compared with 
the ABI, the TBI and Doppler flow curves 
were not more strongly associated with all- 
cause and cardiovascular mortality than the 
ABI (Table 2). This was still the case if we 
stratified the above associations for the 
presence of diabetes (data not shown). 

CONCLUSIONS This study had two 
main findings. Firstly, a low ABI was in- 
dependently associated with cardiovascu- 
lar and all-cause mortality in individuals 
without and with diabetes. Secondly, in in- 
dividuals with diabetes, the TBI and Dopp- 
ler flow curves were not superior to the 
ABI, i.e., were not more strongly related to 
mortality than the ABI. 

In the MERITO II study (9), the asso- 
ciation between a low ABI and cardiovas- 
cular mortality was significantly weaker in 
individuals with diabetes than in individu- 
als without diabetes. However, that study 
had a follow-up duration of only 1 year, 
which may explain the difference from 
the current study. On the other hand, in 
the Prevalence of Peripheral Arterial Dis- 
ease in Patients with Acute Coronary Syn- 
drome (PAMISCA) study, in individuals 
with acute myocardial infarction, the asso- 
ciation between PAD and all-cause mor- 
tality at 1-year follow-up was not weaker 
in individuals without compared with 
those with diabetes (10). Although in this 
study, individuals with a low ABI and 
symptomatic PAD (such as revasculariza- 
tion procedures or ischemic amputations) 
were analyzed as a single group, it is un- 
likely that this changed the associations be- 
tween ABI and mortality in this study, as of 
the 421 individuals with PAD, only 30 had 
such symptomatic disease. Also in line with 
our findings, in the Strong Heart Study and 
the "Men born in 1914" study, the associ- 
ation between a low ABI and mortality was 
similar in individuals without and with 



Table 1 — Baseline characteristics according to survival status after a median 
follow-up of 1 7.2 years (n = 624) 







Nonsurvivors 




Survivors 


All-cause mortality 


Cardiovascular mortality 


n 


335 


289 


85 


Men (%) 


44.2 


52.6* 


51.8* 


Age (years) 


61.7 ± 6.7 


67.4 ± 6.5* 


68.3 ± 6.5 


NGM 


68.4 


49.1 


47.1 


IGM 


14.3 


17.3 


17.6 


Type 2 diabetes 


17.3 


33.6* 


35.3* 


HbA lc (%) 


5.7 ± 1.0 


6.2 ± 1.6* 


6.2 ± 1.3* 


SBP (mmHg) 


135.2 ± 18.2 


144.0 ± 20.1* 


146.3 ± 21.1* 










Use of blood 

pressure-lowering drugs 


21.2 


36.0* 


56.5* 


Hypertension 


30.1 


49.5* 


62.4* 


Prior CVD 


19.4 


27.7* 


36.5* 


Ever smokers 


57.0 


68.9* 


69.4* 


BMI (kg/m 2 ) 


26.9 ± 3.5 


27.7 ± 4.4* 


27.4 ± 4.5 




Men 


95.6 ± 8.5 


98.8 ± 10.8* 


98.1 ± 8.8 


Women 


88.4 ± 10.8 


93.8 ± 12.0* 


92.4 ± 13.0* 


WHR 


0.90 ± 0.08 


0.94 ± 0.08* 


0.94 ± 0.08* 


Serum creatinine ((Jtmol/L) 


89.2 ± 16.3 


94.6 ± 21.4* 


98.4 ± 29.8* 


eGFR (ml/mm/1.73 m 2 ) 


69.4 ± 10.8 


65.8 ± 13.0* 


63.6 ± 14.1* 




6.6+1.1 


6.6 ± 1.2 


6.8 ± 1.3 


HDL cholesterol (mmol/L) 


1.3 ± 0.4 


1.2 ± 0.4* 


1.2 ± 0.3 


LDL cholesterol (mmol/L) 


4.5 ± 1.0 


4.5 ± 1.1 


4.7 ± 1.1 


Triglycerides (mmol/L) 


1.5 (1.1-2.1) 


1.7 (1.2-2.3)* 


1.7(1.2-2.3)* 


Microalbuminuria 


6.0 


17.2* 


25.6* 


Macroalbuminuna 


0.3 


2.2* 


3.7* 


ABI <0.9 


3.9 


18.0* 


23.5* 


ABI >1.4 


0 


0 


0 


TBI <0.7 


16.6 


26.8* 


31.8* 


Abnormal flow curve 


14.9 


26.3 


29.4* 



Data are percent, mean ± SD, or median (interquartile range). IGM, impaired glucose metabolism; NGM, 
normal glucose metabolism; WHR, waist-to-hip ratio. *P < 0.05 vs. survivors. 
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Table 2 — Associations of ABI, TBI, or abnormal Doppler flow curves with 
cardiovascular and all-cause mortality 





All-cause 


mortality 


Cardiovascular mortality 




RR 


95% CI 


RR 


95% CI 


ABI 


Model 1 


2.18 


1.60-2.97 


3.02 


1.80-5.05 


Model 2 


2.02 


1.47-2.76 


2.57 


1.50-4.40 


Model 3 


1.79 


1.27-2.52 


1.83 


1.01-3.34 


TBI 


Model 1 


1.31 


1.00-1.71 


1.67 


1.04-2.66 


Model 2 


1.24 


0.94-1.62 


1.51 


0.93-2.46 




Doppler flow curves 




Model 2 


1.36 


1.04-1.78 


1.50 


0.93-2.43 


Model 3 


1.37 


1.02-1.84 




0.74-2.18 


Data were analyzed using Cox regression analyses. Model 1: adjusted for age, sex, and j 


;lucose metabolism 



status. Model 2: model 1 plus adjustment for other Framingham risk factors (total cholesterol, HDL cho- 
lesterol, smoking, and systolic blood pressure). Model 3: model 2 plus prior CVD, triglycerides, (microal- 
buminuria, eGFR, and waist circumference. 



diabetes at longer follow-up times (11,12). 
Taken together, these studies support our 
finding that the association between the 
ABI and mortality does not differ between 
individuals without and with diabetes, es- 
pecially at long-term follow-up. 

Although the TBI and Doppler flow 
curves have been advocated as alternatives 
to the ABI in individuals with an elevated 



(>1.4) ABI (7) and although the TBI has 
been shown to predict mortality in individ- 
uals with an elevated ABI (13), we show 
here that in a population without elevated 
ABI values the TBI and Doppler flow curves 
are not more strongly associated with mor- 
tality than the ABI, both in individuals with- 
out and with diabetes. In addition, and in 
line with the "Men bom in 1914" study 



(11), we show that individuals with ele- 
vated ABI values are uncommon in the gen- 
eral Caucasian population. Thus, the 
current study suggests that both the TBI 
and Doppler flow curves are not more 
strongly associated with mortality than the 
ABI in individuals with diabetes and an ABI 
in the nonelevated range, but additional 
studies are needed to confirm this. 

This study was performed in a middle- 
aged to elderly Caucasian population, and 
thus its results may not apply to other 
populations. In addition, due to the trend 
of increasing obesity in the Western world 
during the follow-up of our study, it may 
be argued that the participants in our study 
are perhaps at baseline less representative 
in terms of BMI of the patients with dia- 
betes currently seen in clinical practice. 
However, there is no biological reason why 
this should affect the association between 
ABI and cardiovascular outcomes. In addi- 
tion, our study lacked power to perform 
analyses to investigate whether the ABI 
improves risk prediction of mortality. The 
advantage of our study over the MERITO II 
and PAMISCA studies is its longer follow- 
up time (9,10). Compared with the Strong 
Heart Study, our study adds data on the 
performance of the ABI in an older Cauca- 
sian population and, to the "Men born in 
1914" study, the inclusion of women and a 
larger variance in age categories. 

Taken together, our data show that the 
ABI is a suitable tool to investigate the 
association between systemic atherosclero- 
sis and mortality in individuals with dia- 
betes, as it is in individuals without diabetes 
(2). This study underlines that, at its con- 
ventional cutoff point of <0.9, the associ- 
ation between ABI and all-cause and 
cardiovascular mortality does not differ be- 
tween individuals without and with diabe- 
tes. We did find an interaction between the 
ABI and diabetes at a cutoff point of 1.1. 
Although this finding may be due to 
chance, as we did not find an interaction 
between the ABI and diabetes when we an- 
alyzed the ABI at lower cutoff points (< 1 .0 
and <0.9) or as a continuous variable, this 
finding may indicate that arterial stiffening 
and calcification in diabetes may elevate the 
ABI only in the normal to high range 
(>1.0) but not in the lower ranges (0 to 
1.0) and is not of clinical importance at 
the regular cutoff point of the ABI (<0.9). 
In addition, alternatives to the ABI are not 
more strongly associated with mortality 
than is the ABI in individuals with diabetes. 

The ABI may be an important tool 
to improve risk prediction. In line with 
this, the American College of Cardiology 



Table 3 — Associations of the ABI at different cutoff points and as a continuous 
variable with all-cause and cardiovascular mortality 





All- 


■cause mortality 


Cardiovascular mortality 


Cutoff point 


RR 


95% CI 


RR 


95% CI 


All individuals 


Continuous 


1.13 


1.07-1.19 


1.09 


0.99-1.20 


<1.1 


1.33 


0.97-1.83 


1.07 


0.60-1.91 




<0.9 


1.79 


1.27-2.52 


1.83 


1.01-3.34 


Nondiabetic individuals 


Continuous 


1.10 


1.03-1.18 


1.08 


0.96-1.23 


<1.0 


1.22 


0.87-1.71 


1.39 


0.75-2.61 


<0.9 


1.84 


1.18-2.88 


1.95 


0.88-4.33 


Diabetic individuals 


Continuous 


1.15 


1.05-1.27 


1.06 


0.89-1.26 


<1.1 


1.11 


0.61-2.01 


0.62 


0.21-1.80 








1.44 


0.58-3.54 


<0.9 


1.74 


0.97-3.14 


1.30 


0.46-3.62 



Data were analyzed using Cox regression analyses. For the ABI as a continuous variable, the RR is expressed 
per 0.1 decrease in ABI. All analyses were adjusted for sex, age, smoking, total and HDL cholesterol, tri- 
glycerides, albuminuria, eGFR, waist circumference, and prior CVD. In the whole cohort, all analyses were 
adjusted for glucose metabolism status. In the stratified analysis, individuals with impaired glucose tolerance 
were combined with individuals with normal glucose metabolism and compared with individuals with di- 
abetes. Analyses in individuals without diabetes were therefore additionally adjusted for the presence of 
impaired glucose metabolism. 
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Foundation/American Heart Association 
2010 guideline states that measurement 
of the ABI in individuals at intermediate 
risk is reasonable to improve cardiovascu- 
lar risk prediction (14). In addition, the 
American Diabetes Association recom- 
mends measurement of the ABI in individ- 
uals with diabetes to help prevent 
complications of PAD and identify patients 
at high cardiovascular risk (15). However, 
there are currently no studies that investi- 
gated whether measurement of the ABI is 
actually effective in motivating patients to 
comply with measures to reduce cardio- 
vascular risk or whether serial measure- 
ment of the ABI can be used to monitor or 
guide treatment approaches (14), and fu- 
ture studies should investigate this. 
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